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Juvenile Kearns-Sayre syndrome initially
misdiagnosed as a psychosomatic disorder

Soren N0rby, Patrick Lestienne, Isabelle Nelson, Inge-Merete Nielsen,
Henning Schmalbruch, Ole Sjo, Mette Warburg

Abstract
We have investigated a 15 year old girl
with progressive external ophthalmople-
gia, including bilateral ptosis and retinal
rod and cone cell dysfunction with atyp-
ical retinal pigmentation, complicated
by cerebellar ataxia, partial cardiac con-

duction block, and diabetes mellitus. In
infancy she had a severe crisis of bone
marrow depression, and as a child she
suffered from hypersensitivity to light,
increasing fatigue, and vertigo, signs that
were initially thought to be psychoso-
matic.
Histological examination showed mito-

chondrial myopathy, and subsequent
mitochondrial DNA (mtDNA) analysis
showed a deletion of approximately 5500
base pairs in 35 to 40% of her muscle
mtDNA. We therefore conclude that this
patient has developed the Kearns-Sayre
syndrome after a Pearson syndrome-like
crisis in her first year of life.
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Kearns-Sayre syndrome (KSS) is a sporadic
multisystem mitochondrial disorder with pro-
gressive external ophthalmoplegia, retinal dys-
trophy, and at least one of the following signs:
heart block, cerebellar ataxia, and cerebro-
spinal fluid protein levels above 1 g/1.1-3 Rag-
ged red fibres in the muscles are observed
histologically and imply a mitochondrial dis-
order, which can be verified by electron micro-
scopy and confirmed by mtDNA analysis. On-
set is before 15 to 20 years of age and there is
often growth retardation, delayed sexual matu-
ration, and mental deterioration.
The retinal dystrophy in KSS and other

cases with mitochondrial ophthalmoplegia
features salt and pepper pigmentation in the
fundus of some patients, in others there are

black pigmented clumps. Electroretinography
(ERG) shows cone dystrophy or both rod and
cone dystrophy.4

Pearson syndrome (PS), also a mitochon-
drial disorder, presents with infantile siderob-
lastic pancytopenia requiring frequent trans-
fusions, insufficiency of the pancreas, and
hepatic dysfunction.56 Children surviving the
pancytopenic crisis have been observed to de-
velop progressive symptoms of KSS.7-9 The
aetiology of PS and KSS was not understood
until partial deletions of mtDNA were

observed in these patients.'6 104

We present here a new case of presumed PS

developing into KSS and caused by an
mtDNA deletion of 5491 base pairs.'5

Case report
Pregnancy and delivery were unremarkable.
There is no parental consanguinity and both
parents and a brother are healthy. Birth weight
was 3700 g. At 5-5 months of age the patient
had fever, anaemia, and blood in her stools.
She also had leuco- and thrombocytopenia, the
bone marrow was hypoplastic, and there was
slight hepatomegaly. Explorative laparotomy
showed nothing pathological. A number of
blood transfusions were given over the next
couple of years. The cause of the condition
was presumed to be a cytomegalovirus (CMV)
infection, as the CMV titre was high (132
decreasing to 16) and the virus was cultured
from the urine.
Motor development was delayed. From the

age of 3 years she was increasingly sensitive to
light and preferred lying underneath the
table at home. Ophthalmological examinations
(elsewhere) gave no explanation and the cause
of her troubles was thought to be psycholo-
gical.
At school she had learning as well as beha-

vioural problems and was referred to a psycho-
logist and later a psychiatrist; eventually at 11
years she was transferred to a special class for
children with learning disabilities. She moved
slowly and never ran, and complained of weak-
ness in the limbs, fatigue increased by exercise,
and vertigo. At 12 years she fell off her bicycle
twice and had four sudden unprovoked falls
with unconsciousness for a few seconds.
Atonic epileptic seizures were suspected. The
EEG was paroxysmal, and for a short period
she was treated with antiepileptic medicine
(sodium valproate), which, however, was with-
drawn because of serious side effects (severe
hand tremor and ataxia). Retrospectively,
these attacks could have been the result of
heart conduction failure. She also developed
increasing hearing impairment.
A cerebral CT scan showed symmetrical

bilateral hypodense areas in the cerebellum.
One year later a cerebral MRI scan confirmed
symmetrical degeneration of the cerebellar
white matter. In addition a hypodense area was
seen in the left internal capsule.

Ophthalmological examinations were car-
ried out by one of us (MW) over the age period
13 to 15 years. Overall consideration of the
clinical findings then led to the diagnosis of
Kearns-Sayre syndrome, which was subse-
quently supported by histological examination
and eventually confirmed by mtDNA analysis.
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Figure 1 Facial features of the patient aged 15 years. Note the dark periorbital skin,
ptosis, and hypotonia.

CLINICAL EXAMINATION FROM 13 TO 16 YEARS

OF AGE

At the first examination the facial muscles were

hypotonic with bilateral ptosis and a striking
yellow-brown discoloration of the skin of the
eyelids (fig 1). When the frontalis muscle was

fixed she could raise the upper eyelids 2 mm.
The excursions of the external eye muscles
were reduced: fusion horizontal -4 to + 12
PD, vertical 2 PD. There was no ocular ataxia.
There were no convergence movements and no

squint. Stereopsis was present. Visual acuity
was OD 6/6 +2 25-1 75X(175°), OS 6/6
+2 50-2 50x (120°). Colour vision (AO-
HRR) was normal.

Direct and indirect ophthalmoscopy at 13
years showed parapapillary atrophy, attenu-

ated arterioles, and abnormal reticular, macu-

lar, and peripheral pigmentation. Foveolar re-

flexes were absent.
A year later with fixation of the frontalis she

could not raise her eyelids and other excur-

sions were diminished. In the fundi small

Figure 2 Very early fluorescence angiogram of the left eye. The macula has a mottled
pigmentation. Further peripherally, the fundus shows a granular texture. The
arterioles are narrow though not thread-like. Nasally the choroidal vessels can be seen

through the retina, indicating mild degeneration of the retinal epithelium.

clumps of dark pigmentation were beginning
to appear in the inferior retina. At the latest
examination the black pigmented clumps were
dispersed all over the posterior pole of the
fundus. Ophthalmoscopy was hampered by
the patient's severe photoaversion.

Fluorescence angiography showed irregular
atrophy of the retinal pigment epithelium (fig
2). Colour vision test (AO-HRR) showed a
slight tritan defect.

Electroretinography (ERG) showed cone
dystrophy at the age of 13 years, and one year
later rod dystrophy was also present. Auto-
matic perimetry was normal, but a Goldmann
perimetry showed a concentric constriction to
30°. At 14 years campimetry (3/1000, white)
showed a visual field of only 10°.

Electrocardiography at 14 years showed a
left anterior hemiblock during rest with negat-
ive T waves and ST depression during exer-
cise. Progressive ataxia, dysarthria, and inten-
tion tremor were present, and she needed a
wheelchair for outings with her family.

Pure tone audiometry indicated bilateral
symmetrical sensorineural hearing loss with
high frequency dominance; the speech recep-
tion threshold was 25 dB HL bilaterally. Tym-
panograms were normal. There was reduced
cerebellar control of the eye movements but
intact peripheral vestibular function on both
sides.
Menarche was absent, but breast develop-

ment had begun. Her stature was short, below
the 3rd centile for her age. At 16 years of age
she developed insulin dependent diabetes.

Materials and methods
HISTOLOGICAL EXAMINATION
An open surgical biopsy was obtained under
general anaesthesia from the medial vastus
muscles. A sample was kept for histochemistry
and frozen in a nitrogen slush. Cryostat sec-
tions 8 ptm thick were stained with haematoxy-
lin and eosin, Gomori's trichrome stain, van
Gieson stain, and for a battery of muscle
enzymes. Other fibre bundles were kept at
constant length and fixed and embedded for
electron micrscopy; thin sections were stained
with uranyl acetate and lead citrate. The dia-
meters of 590 mnuscle fibres were measured in
sections stained for adenosine triphosphatase.

MITOCHONDRIAL DNA ANALYSIS
Isolation of DNA
A part of the muscle biopsy was kept frozen at
-80°C in 10 mmol/l Tris-HCl, pH 80,
04 mol/I NaCl, 2 mmol/l EDTA until DNA
extraction. After thawing and addition of pro-
teinase K and SD S (final concentrations of
200 1tg/ml and 0 5% respectively), 30 to 50 mg
of tissue was homogenised, incubated over-
night at 37°C, and total DNA isolated by
routine methods as previously reported.'4

Southern blot analysis
Aliquots of 0-6 .tg total DNA were digested
overnight with 10 units of BamHI, EcoRI,
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HindIII, PstI, PvuII, and SacI (Boehringer,
Mannheim) respectively. After agarose gel
electrophoresis (0-8% BRL Ultrapure) and
staining with ethidium bromide, the DNA
fragments were blotted onto a Hybond N filter
(Amersham), hybridised overnight to human
mtDNA (100 ng), 32P labelled by nick transla-
tion.

After washing using standard procedures16
and exposure to Fuji x ray film at - 70'C using
intensifying screens, an autoradiograph of the
filter was developed. k DNA digested by
EcoRI and HindIII was used as size marker.
The percentage ofmtDNA harbouring a dele-
tion was estimated by computerised densito-
metry of the autoradiograph using the pro-
gram IMAGE version 1.44.

Polymerase chain reaction
Widely spaced primer (WISP) PCR'7 was per-
formed as a supplement to Southern blotting,
using 20mer primers (5'--3') corresponding to
the following mtDNA positions": L strand
8204-.8223 (PL-1) and H strand 14 460-.
14 441 (PL-17). PCR conditions and subse-
quent analytical gel electrophoresis were as
described previously,'9 except that annealing
was at 55'C. The size marker was the same as
in the Southern analysis. DNA samples from
previously analysed patients with well charac-
terised mtDNA deletions of 4977 bp2° were
included as controls.

DNA sequence analysis
Single stranded DNA sequence analysis was
performed by dideoxynucleotide termination
(Sequenase 2.0, US Biochemical Corpora-
tion), after asymmetrical amplification using
1 jg target DNA and the primers PL-1 and
PL-17 in a ratio of 1:50. Sequence search and
comparisons were performed with the help of
Microgenie (Beckman) and with the Anderson
sequence'8 as reference.

Results
HISTOLOGICAL EXAMINATION
Light microscopy showed moderately atrophic
and hypertrophic fibres with diameters
between 20 jm and 65 jim (mean diameter
38 gm, SD 19%), and also an increased incid-
ence of internal myonuclei. The muscle was
not fibrotic and there was no evidence of
muscle fibre necrosis or regeneration. Muscle
fibres of different types formed a normal
mosaic pattern; there were no signs of
denervation. Type 1 fibres were slightly
thicker than type 2 fibres (means 41 jm v
35 im).
Most fibres reacted for cytochrome c oxid-

ase, but about 10% of the fibres were
unstained. Sections stained with Gomori's
trichrome stain showed about 1 % of "ragged-
red" fibres. The same fibres displayed heavy
deposits of blue formazan when stained for
lactic acid dehydrogenase or succinate dehyd-
rogenase. Under the electron microscope, sub-
sarcolemmal aggregations of giant mitochon-
dria and of mitochondria with paracrystalline

inclusions were found (fig 3). Several intra-
fusal muscle fibres contained abnormal mito-
chondria as well, but the mitochondria in vas-
cular smooth muscle cells were normal.

MITOCHONDRIAL DNA ANALYSIS
Southern blot analysis
The autoradiograph of the Southern blot is
shown in fig 4. Digestion with BamHI and
PvuII (fig 4, lanes 1 and 5 respectively) showed
two populations of mtDNA molecules, one of
which (AmtDNA) has a deletion of 5 to 6 kb
(1 kb = 1000 base pairs) as compared to the
normal one (16-6 kb). By densitometry the
AmtDNA was found to account for 35 to 40%
of the total mtDNA.
The presence ofAmtDNA also in the digests

with HindIII, PstI, and SacI (fig 4, lanes 3, 4,
and 6) shows that only one of the normally
occurring two (SacI and PstI) or three (Hin-
dIII) sites for these enzymes remain in the
AmtDNA molecule. For EcoRI (fig 4, lane 2)
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Figure 3 Electron micrograph of skeletal muscle
showing ultrastructural mitochondrial changes, including
the presence of paracrystalline bodies.

AmtDNA- -
-_-_-AmtDNA

am

1 2 3 4 5 6
Figure 4 Autoradiograph of Southern blot of the
patient's muscle mtDNA digested with the following
enzymes: BamHI (lane 1), EcoRI (lane 2), HindIII
(lane 3), PstI (lane 4), PvuII (lane 5), and SacI
(lane 6). Fragments of less than 6 kb (I kb = 1000 bp)
have been omittedfrom the photograph. AmtDNA
indicates the deletion molecule (size approximately
11 kb).
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two sites are intact in the deletion molecule,
since the largest fragment in that digest is
about 1 kb smaller than AmtDNA.
Taken together these results show that the

deletion which has produced the AmtDNA
molecule is 5 to 6 kb long and covers the
following restriction site positions: 9020
(PstI), 9643 (SacI), 11 680 and 12 570 (Hin-
dIII), and 12 640 (EcoRI), whereas neither of
the flanking sites at positions 6910 (PstI) or
14258 (BamHI) are included.

Polymerase chain reaction
Fig 5 shows the PCR gel using the primer
combination PL-1/PL-17. The controls,
heteroplasmic for mtDNA with approximately
5 kb deletions, gave an amplification product
of about 1-2 kb (lanes 1 and 2). Our patient's
sample, however, gave a product of only about
0-8 kb (lane 3), showing that her deletion is
approximately 04 kb larger than that of the
controls. As expected, no amplification was
observed from the coexisting wild type
mtDNA, in which the primer target sequences
are 6-2 kb apart.

DNA sequence analysis
By sequence analysis the exact position and
size of the deletion were defined, and the
fusion point was identified as 8278/13 770 cor-
responding to a deletion of 5491 bp (fig 6A). A
closer look at the reference sequence, at both

ends of and flanking the deletion, shows a
doublet of 15 bp (fig 6B), one copy of which is
lost in the deletion process.

Discussion
Mutations in mtDNA have been found to
cause a number of neuromuscular disorders
and various other previously unexplained or-
gan dysfunctions.2122
A mutation can be present in all the patient's

mtDNA molecules (homoplasmy) or in a cer-
tain percentage, coexisting with normal
mtDNA (heteroplasmy). In the latter case the
degree of heteroplasmy may vary from tissue
to tissue92324 and with time,7 as well as from
mother to child.2526 Heteroplasmy for a partial
mtDNA deletion in skeletal muscle has been
identified in KSS and other mitochondrial
myopathies.?'"

Originally, KSS was considered to be a well
defined clinical entity characterised by pro-
gressive external ophthalmoplegia (PEO), pig-
mentary retinopathy, and heart block,' but
more recent clinical evaluations of patients
with PEO have shown that this myopathy can
be associated with other clinical features as
well, such as cerebellar dysfunction and raised
cerebrospinal fluid protein, thus showing
clinical heterogeneity of what has become
known as the "ophthalmoplegia-plus" syn-
drome.2
The nosological lumping of ophthalmople-

gic patients with various degrees of additional
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Figure 5 PCR analysis
of muscle mtDNA from
patients with
Kearns-Sayre syndrome.
M= marker. The positions
of the marker fragments of
831 and 1375 bp are
indicated. Lanes 1 and 2:
amplified mtDNA from
patients with known
deletion of 4977bp (the
"common" deletion).
Lane 3: amplified
mtDNA from the present
patient.
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Figure 6(A) Sequencing autoradiograph showing the L strand sequence at the fusion point of the deletion molecule.
The numbers indicate the bases (arrows) which have been placed in juxtaposition by the deletion. (B) (a) The
fusion sequence as derivedfrom (A) and the reference sequence.'8 (b) The wild type sequences in the two breakpoint
regions of the deletion;'8 repeats are shown in bold type and underlined. The deleted sequence is delineated by
arrowheads.
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neuromuscular involvement has been justified
through the finding of heteroplasmic mtDNA
deletions in both classical KSS and uncom-
plicated ocular myopathy.""027
There is no correlation between size and

location of the deletion in the mtDNA mo-
lecule and the phenotype of the patient; this
can be explained by the observed general im-
pairment of translation in mitochondria with
an mtDNA deletion.928 The tRNA genes are
"peppered" throughout the mitochondrial
genome,'8 23 so that any sizable deletion is
bound to include at least one such gene, and
hence prevent translation of the remaining
mitochondrial genes.
However, the specific distribution of deleted

mtDNA among the cells of neuromuscular
tissue,29 including the degree of heteroplasmy
and the possibilities for complementation
between wild type and mutant mtDNA,'332 is
likely to be decisive for the clinical manifesta-
tions in a given patient.
A clinical picture which is completely dif-

ferent from KSS may result when the same
mtDNA deletion is predominant in other tis-
sues, as in the Pearson syndrome (PS)6912 in
which pancytopenia of the blood is associated
with exocrine pancreatic dysfunction in early
childhood.

Patients who recovered from a crisis of PS in
infancy and later developed neuromuscular
symptoms leading to the diagnosis of KSS at 7
to 8 years of age have recently been de-
scribed.89 They had heteroplasmy for an
mtDNA deletion both in skeletal muscle and
in leucocytes. Similarly, in another case of
KSS, progressing during early adolescence
and associated with a large deletion in a high
percentage of muscle mtDNA, a crisis of bone
marrow dysfunction had been recorded in
early childhood.7
The present case is yet another example of a

patient who has developed KSS after a tran-
sient crisis of bone marrow dysfunction in
early childhood, requiring blood transfusion
for survival. In such cases heteroplasmy for
the mtDNA deletion in question is probably
present in various tissues during fetal develop-
ment and infancy. The clinical manifestations
are most probably determined by the percent-
age of defective mitochondria, in combination
with tissue specific thresholds for respiratory
chain insufficiency. An increase of deleted
mtDNA seems to occur with time in neuro-
muscular tissue, thus giving rise to KSS, after
survival of a possible haematological crisis in
early childhood.7 The present deletion (fig 6) is
different from those previously reported, but is
located in the same region of the mtDNA
molecule. 14 2032 The mechanisms underlying
mtDNA deletions are not yet understood, but
accumulated evidence stresses the involvement
of direct repeats, possibly by allowing either a
slippage during H strand replication or dele-
tion by some kind of unequal crossing over.33-35
Recently, a tandem duplication in the mtDNA
D loop has been suggested to predispose to
such deletions.'6

In the majority of cases two direct repeats
from 5 to 13 bp in length have been detected in

the deletion breakpoint regions, one of them
always being included in the deletion.203334
The 13 bp repeats at positions 8470-8482 and
13 447-13 459 seem to constitute a mutational
hotspot, being involved in the so called com-
mon deletion of 4977 bp, which accounts for
about one-third of all sporadic mtDNA dele-
tions."337

In the mtDNA of our patient the deletion
breakpoints are located in regions where two
direct repeats, of 6 and 9 bp, are found in the
wild type molecule, the former repeat se-
quence C5T also being part of the latter (fig
6B). In a replication-slippage model this might
allow the formation of a structure with 15
established base pairs as an intermediate in the
deletion process.
A computer search shows that the 6 bp se-

quence C5T is present at 24 locations through-
out the wild type mtDNA molecule. This
sequence has not been found flanking pre-
viously published deletions, hence it seems
more likely that the above mentioned 9 bp
repeats or a combination of the two are
involved in causing the present deletion.

In whites,18 as opposed to many Asians,'8 the
9 bp sequence is present twice as a head to tail
duplication at 8271-8288 bp (fig 6B), and one
could therefore hypothesise that in the former
population this region may be more deletion
prone. The fact that this 9 bp repeat is also
found at position 8605-8613 suggests the pos-
sibility of a deletion involving two of these
very closely placed 9 bp repeats. Such a small
deletion, comprising only about 325 bp but
including the gene for tRNALYs, would not be
detected by routine Southern blot analysis.

It seems obvious that the search for the
molecular defect in mtDNA, in cases where a
major deletion is not found, should be guided
by the accumulated evidence for the involve-
ment of direct repeats and the knowledge of
their location in wild type mtDNA.
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